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Research Synthesis Methods in an Age of Globalized Risks:
Lessons from the Global Burden of Foodborne Disease
Expert Elicitation

World Health Organization, Foodborne Epidemiology Reference Group, Source
Attribution Task Force∗

We live in an age that increasingly calls for national or regional management of global risks.
This article discusses the contributions that expert elicitation can bring to efforts to manage
global risks and identifies challenges faced in conducting expert elicitation at this scale. In do-
ing so it draws on lessons learned from conducting an expert elicitation as part of the World
Health Organizations (WHO) initiative to estimate the global burden of foodborne disease;
a study commissioned by the Foodborne Disease Epidemiology Reference Group (FERG).
Expert elicitation is designed to fill gaps in data and research using structured, transparent
methods. Such gaps are a significant challenge for global risk modeling. Experience with the
WHO FERG expert elicitation shows that it is feasible to conduct an expert elicitation at a
global scale, but that challenges do arise, including: defining an informative, yet feasible geo-
graphical structure for the elicitation; defining what constitutes expertise in a global setting;
structuring international, multidisciplinary expert panels; and managing demands on experts’
time in the elicitation. This article was written as part of a workshop, “Methods for Research
Synthesis: A Cross-Disciplinary Approach” held at the Harvard Center for Risk Analysis on
October 13, 2013.
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1. INTRODUCTION

We live in an age that increasingly calls for man-
agement of risk at a global scale. Increased global
travel and trade heighten the likelihood that risks,
such as the 2014 Ebola outbreak, can spread globally.
Growing scientific understanding of how natural and
technological systems function at a global scale has
increased awareness of risks, such as climate change
and mercury pollution, that must also be managed at
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a global scale. Even when risks themselves are not
transmitted globally, their impacts may have global
repercussions. International efforts to reduce local
outcomes that have global impacts, like malnutrition
in developing countries, need to be informed by glob-
ally comparable data.

Management of risks at a global scale requires
coordinated action by actors at the local, national, or
regional levels and therefore also requires informa-
tion that is meaningful at the local, national, or re-
gional level, and comparable globally. Yet disparities
in economic and institutional development around
the world result in great geographic differences in
the availability, quality, and form of data and sci-
entific research. Research synthesis methods, par-
ticularly expert elicitation, can provide a means of
bridging these gaps in data and scientific literature,
providing a sounder informational basis for many
global risk management decisions.

On October 13, 2013, the Harvard Center for
Risk Analysis held a workshop, “Methods for Re-
search Synthesis: A Cross-Disciplinary Approach.”
The workshop’s goal was to gain a better understand-
ing of the role research synthesis methods play in risk
analysis and the relative strengths and limitations of
different methods. Robinson and Hammitt(1) draw
out lessons from the workshop and subsequent pub-
lications, including this article and a special issue of
Risk Analysis in June, for future developments and
applications of research synthesis methods.

This article’s primary objective is to identify po-
tential contributions that expert elicitation can bring
to characterizing global risks and to identify chal-
lenges in conducting expert elicitation at a global
scale. It does so by examining a new effort to use ex-
pert elicitation as part of the World Health Organiza-
tion’s (WHO) initiative to develop the first estimates
of the global burden of foodborne diseases; a study
commissioned by the Foodborne Disease Epidemi-
ology Reference Group (FERG).(2,3) As discussed
below, prevention of foodborne disease is increas-
ingly a global risk management challenge. The WHO
estimates are needed to inform both international
and national management of foodborne diseases.
These estimates will be provided for each WHO re-
gion and will be globally comparable. Other research
synthesis methods in addition to expert elicitation,
particularly systematic reviews, were used through-
out the WHO global burden of foodborne disease
initiative. In examining lessons learned about expert
elicitation to inform management of global risks, this
article will also look at how decisions were reached

about when to use expert elicitation rather than other
research synthesis methods.

2. OVERVIEW

2.1. Why Estimate the Global Burden of
Foodborne Disease?

Foodborne disease is a significant cause of illness
and death worldwide. Each year, 2.2 million people,
1.9 million of whom are children, die from diarrheal
illness. Foodborne diseases are believed to account
for a substantial proportion of these deaths.(4) While
most of these deaths occur in developing countries,
foodborne disease is also an important public health
concern in high-income countries. Approximately 48
million out of a population of 310 million Americans
have foodborne illnesses in a typical year; of these,
over 3,000 die.(5,6) In the United States, the 14 leading
foodborne pathogens alone impose over $14 billion
in economic burden each year.(7)

The full extent of the burden of foodborne dis-
ease globally is currently unknown. Surveillance of
foodborne disease is difficult, even in developed
countries. For example, the U.S. Centers for Dis-
ease Control and Prevention (CDC) estimates that
in the United States only, 1 in 29 illnesses caused
by nontyphoidal Salmonella spp. are diagnosed and
reported.(5) Data on the incidence in developing
countries are even scarcer.(8)

Foodborne disease has become a global risk
management problem. With increasing globalization
in food trade, one country’s food safety problems
can quickly spread to others. Recent outbreaks of
shigellosis in Australia and Denmark were caused
by baby corn imported from Thailand.(2) Imported
frozen dumplings from China caused organophos-
phate poisoning in over 3,000 Japanese consumers.(2)

Foodborne disease is also a global develop-
ment issue. WHO maintains that substantial invest-
ment in foodborne disease prevention and control in
developing countries is essential to making progress
on development concerns underlying the U.N. Mil-
lennium Development Goals.(9) Foodborne disease
perpetuates a cycle of poverty in developing coun-
tries by reducing labor productivity, increasing child
mortality, and impairing efforts to improve nutri-
tion (WHO 2008). Foodborne disease in devel-
oping countries also hampers economic develop-
ment through impacts on tourism and food export
industries.(10,11)
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Consistent global estimates of foodborne disease
are needed to help guide policy and prioritize pub-
lic health and development investments and will pro-
vide a baseline against which the impacts of future
interventions can be evaluated. International trade
law and public health agreements require that coun-
tries base their food safety measures on sound sci-
ence and risk analysis.(12) WHO has identified the
lack of accurate data on the extent and cost of food-
borne disease as a major obstacle to policymak-
ers around the world setting “appropriate, evidence-
based priorities in the area of food safety.”(2,4)

2.2. What the WHO is Doing

The WHO launched the “Initiative to Estimate
the Global Burden of Foodborne Diseases” to meet
this need for globally consistent, regionally specific,
information on foodborne disease.(2,4) WHO estab-
lished a large multidisciplinary body of scientists
from around the world, the Foodborne Disease Bur-
den Epidemiology Reference Group (FERG), to im-
plement this new initiative.(8,9) The FERG is tasked
with developing global estimates of the foodborne
disease burden for 40 major microbial, parasitic, and
chemical causes of foodborne disease, stratified by
sex, age, and WHO region. Burden is measured us-
ing the summary health metric, disability adjusted
life years (DALY).(13) The DALY allows compar-
ison of burden across widely differing diseases and
can be used in cost-effectiveness analysis.(14,15) The
FERG is also tasked with providing estimates that
will allow foodborne disease burden to be attributed
to food sources. Country case studies are being devel-
oped to help examine how individual countries can
make use of these regional estimates in developing
national estimates and in managing foodborne haz-
ards at the national level.

The FERG is carrying out its efforts to estimate
the global burden of foodborne disease through
six task forces: (1) enteric diseases; (2) parasitic
diseases; (3) chemical and toxin-caused diseases;
(4) source attribution; (5) country studies; and
(6) a computational task force. The three disease-
specific task forces are responsible for assessing
and synthesizing existing data on the burden of
foodborne disease and providing global burden of
disease estimates. Systematic reviews are being used
extensively by the disease tasks forces to estimate
the burden of disease.(16–19) The Source Attribution
Task Force (SATF) is charged with estimating the
foodborne proportion of disease burden imposed by

each hazard and the contribution of specific foods
to foodborne exposure; that is, providing source
attribution estimates. The Country Study Task Force
is developing protocols and other guidance for coun-
tries to use in developing their own national burden
of disease studies. The Computational Task Force is
integrating information from the other tasks forces
into a consistent model and calculating food-specific
burden of foodborne disease estimates for each
WHO region.(20) Major methodological decisions
are reached by consensus among FERG members
in consultation with study leaders.(10) The remaining
discussion focuses on the work of the SATF.

2.3. Defining the Source Attribution and Choosing
Among Research Synthesis Methods

The SATF was charged with: (1) defining source
attribution; (2) assessing currently available methods
for attributing specific foodborne diseases, for exam-
ple, salmonellosis, to sources of exposure; (3) propos-
ing suitable source attribution methods for different
causal hazards; and (4) developing primary exposure
and food exposure source attribution estimates. The
SATF defined source attribution differently for each
of the two major types of attribution it was asked
to provide: attribution to primary exposure pathways
and to food exposure pathways (Table I). Primary
exposure pathways for biological hazards were con-
structed to distinguish between exposure via food,
water, soil, air, animal or human contact, and “other”
primary exposure routes. For these primary path-
ways, the task force defined the exposure source as
the pathway that was the direct cause of human ex-
posure. To attribute foodborne disease caused by bi-
ological hazards to foods, the task force partitioned
foods into 14 mutually exclusive categories (Table I).
For food exposure pathways, the task force defined
the source of exposure as the food that was contam-
inated with the disease-causing hazard at the time
the food entered the place of final food prepara-
tion. This definition of food attribution sets aside the
contribution of cross-contamination among foods
during food preparation and focuses the policy use of
the FERG burden estimates on prepreparation pre-
vention of foodborne disease.

Scientists have many decades of experience mod-
eling the role of foods in chemical exposures. Com-
pared to methods used for estimating foodborne
pathogen exposures, methods for modeling food-
borne chemical exposure are well developed.(21) In
contrast, estimation of the contribution of foods as
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Table I. Possible Exposure Routes for Primary Pathways and
Foodborne Exposure Pathways in the Global Burden of

Foodborne Diseases Estimates (Biological Hazards)

Primary Exposure Foodborne Exposure
Pathways Pathways

Question addressed Question addressed
What was the primary
exposure route?

Which foods caused
foodborne exposure?

Possible primary exposure
routes

Possible foodborne
exposure routes

Food Beef
Animal contact Ruminant meat
Human-to-human contact Dairy
Water Pork
Air Poultry meat
Soil Eggs
Other Vegetables

Fruits and nuts
Grains and beans
Oils and sugar
Finfish
Shellfish
Seaweed
Other foods

pathogen exposure pathways is a relatively new and
rapidly developing area of science.(22,23) The SATF
commissioned a review of research on foodborne
pathogen source attribution.(22) This review identi-
fied five methods being used to estimates source
attribution based on analysis of primary data: (1)
comparison of subtypes of pathogens in humans and
foods or food sources; (2) risk modeling/comparative
exposure assessment; (3) epidemiological studies of
sporadic cases; (4) analysis of data from outbreak
investigations; and (5) intervention studies and nat-
ural experiments. When data are incomplete, the re-
view found expert elicitation useful for attributing
disease to primary exposure pathways and specific
food exposures.(22)

The task force concluded that for many haz-
ards data limitations prevented development of glob-
ally consistent, regional source attribution estimates
based on primary data analysis. The task force also
concluded that the depth of the existing literature
was inadequate for systematic reviews to provide
consistent estimates across WHO regions. The SATF
treated some hazards as 100% foodborne (e.g., Lis-
teria monocytogenes, Mycobacterium bovis, all food-
borne trematodes, Taenia solium, Trichinella spp.,
cyanide in cassava and peanut allergens) based on
the weight of the scientific literature, but not nec-

essarily systematic reviews. For other hazards (e.g.,
aflatoxin, inorganic arsenic, cadmium, dioxin, and
methyl mercury), adequate data on foodborne expo-
sure existed to develop a risk assessment model to es-
timate foodborne exposure. Together, these two sets
of decisions obviated the need to use expert elicita-
tion to provide attribution estimates for 21 hazards.
For the remaining 19 hazards, the SATF decided ex-
pert elicitation was needed to obtain source attribu-
tion estimates.

Practical and conceptual considerations influ-
enced the SATF’s choice among expert elicitation
methods. Methods requiring group meetings or con-
sensus were not used due to methodological con-
cern about the influence of group dynamics on
consensus, WHO’s need for documentable trans-
parency, lack of travel budget, and technological
and time zone difficulties in conducting effective
group meetings remotely across many regions of
the world.(24) The task force chose Cooke’s clas-
sical model as the method for the source attri-
bution expert elicitation because of its successful
use in prior food source attribution studies and
its use of transparent, quantitative performance
measures.(25–27) Cooke’s classical model elicits judg-
ments independently from individual experts and ag-
gregates them on the basis of performance on cal-
ibration questions. The method uses performance
weights and an aggregation method designed to max-
imize the accuracy and informativeness of aggregate
estimates.(27,28)

2.4. Design of the WHO FERG Source Attribution
Expert Elicitation

Remaining decisions about the design of expert
elicitation were heavily affected by the global scope
of the WHO FERG source attribution study. These
decisions included: (1) choice of regional structure;
(2) structuring of expert panels; and (3) develop-
ment of calibration questions. Several themes re-
curred in making these decisions, including: the need
for experts from multiple disciplines; the need to re-
duce cognitive challenge and manage demands on
respondents’ time; the need to represent the geo-
graphic heterogeneity of regions as accurately as pos-
sible; and the challenges posed by limited data and
research. While these themes are common to many
expert elicitation modeling efforts, the global scope
of this study increases the challenge of addressing
them. While other expert elicitations have involved
experts from around the world, we know of none
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that have been used to provide regionally specific and
globally consistent estimates as are needed by WHO.

2.4.1. Choice of Regional Structure

One of the most fundamental decisions in the
study was how to structure the regions used in the
elicitation. It is more cognitively challenging for
experts to provide source attribution estimates for
large heterogeneous regions than for smaller, more
homogeneous regions. The WHO FERG initiative
will provide disease burden estimates for each of six
WHO regions. But WHO regions are large and het-
erogeneous in terms of factors that affect foodborne
hazard exposures (Fig. 1a). For example, the WHO
Region of the America’s includes North America,
the Caribbean, Central America, and South
America, areas that differ significantly in terms
of factors influencing exposure to foodborne haz-
ards, such as access to improved water and sanitation,
food processing conditions, and food transportation,
storage, and handling conditions.

An alternative to eliciting estimates directly for
each WHO region is to elicit them for smaller,
more homogeneous regions and then aggregate these
attribution estimates to the WHO regional level.
Both Globally Environmental Monitoring System
(GEMS) Food Consumption Custer Diet regions and
WHO subregions were considered (Figs. 1b and c).
Ultimately, a decision was made to elicit attribution
estimates for regions developed for prior global bur-
den of disease (GBD) studies.(30) With two excep-
tions, these 14 GBD regions are organized as subre-
gions of the current WHO regions, though they are
not official WHO subregions. For simplicity we refer
to them as GBD subregions. These subregions sub-

1Use of the U.N. Food and Agricultural Organizations’ Global
Environmental Monitoring System Food Consumption Cluster
Diet regions (GEMS regions) was considered and rejected. 2012
GEMS regions divide the world into 17 regions (Fig. 1b). GEMs
regions are based on similarities in dietary patterns. Many fac-
tors in addition to diet affect exposure to foodborne hazards.
Basic sanitation conditions, climate, endemic biota, animal hus-
bandry and cropping practices, food processing, the prevalence
of refrigeration, industrial pollution, food sourcing, the sophisti-
cation of supply chain management, the strength of regulatory
regimes, and the effectiveness of regulatory enforcement all af-
fect food contamination levels. Many GEMS 2012 regions clus-
ter countries that are quite diverse in terms of factors that are
likely to influence food safety and also cluster countries from
different WHO regions. For example, Uruguay, Iceland, and
Australia are clustered in a single GEMS region. Because of these
factors, a decision was reached not to use GEMS regions.

divide WHO regions based on under-5 child mortal-
ity and adult mortality rates. Mortality rates, partic-
ularly under-5 mortality, are correlated with factors
such as access to improved water and sanitation and
basic development indicators that also correlate with
factors influencing foodborne contamination and ill-
ness. GBD subregions are more geographically con-
tiguous than GEMs regions and tend to be more
homogeneous in terms of water and sanitation con-
ditions, general development levels, and even basic
dietary patterns than WHO regions (Figs. 1a and 1c).
One-on-one interviews used in designing the elicita-
tion instrument suggested that experts found it eas-
ier to think about source attribution for GBD subre-
gions than for GEMS or WHO regions.

2.4.2. Structure of Expert Panels

Cooke’s classical model collects individual judg-
ments from panels of multiple experts and then ag-
gregates individuals’ judgments using performance
weights.(27,28) A choice had to be made whether to
structure expert panels by subregions with multiple
hazards or by hazards for multiple subregions. Scien-
tific expertise related to foodborne disease and food
safety is usually developed around hazards. Many
subject matter experts work in multiple subregions,
often including subregions other than those in which
their home institution is based. As a result, panels
were organized by hazard and experts were asked to
give judgments for multiple subregions.

An exception to the use of global panels was
made for diarrheal enteric pathogens (Table II). Ex-
perts on enteric pathogens tend to have professional
experience with multiple pathogens, but that exper-
tise tends to be more regionally specialized, partic-
ularly between countries with high and low child
mortality rates, than is the case for the nonenteric
hazards included by the WHO FERG. The panels for
enteric diseases were, therefore, structured as subre-
gional panels, where some experts only provided es-
timates for a single subregion, whereas others pro-
vided estimates for all 14 subregions. The experts
were free to decide the subregions for which they
provided their judgments. Each panel elicited judg-
ments for nine major enteric pathogens.

The decision to use global or multiregional pan-
els implied potentially heavy time demands on ex-
pert study participants. For each hazard, experts
were asked to provide a central estimate of the per-
centage of all cases of illness caused by the haz-
ard that were due to a particular exposure route
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(a) (b)

(c)

Fig. 1. (a) WHO regions.
Source: WHO, Definition of Region Groupings. Available at: http://www.who.int/healthinfo/global_burden_disease/definition_regions/en/,
Accessed July 28, 2014.
(b) Global Environment Monitoring System (GEMS) regions.
Source: WHO, Global Environment Monitoring System—Food Contamination Monitoring and Assessment Programme (GEMS/Food):
GEMS/Food Cluster Diets. Available at: http://www.who.int/foodsafety/chem/gems/en/index1.html, Accessed July 25, 2014.
(c)Global Burden of Disease subregions.
Source: WHO. Quantifying Environmental Health Impacts: Subregional Country Groupings for the Global Assessment of Disease Burden.
Available at: http://www.who.int/quantifying_ehimpacts/global/ebdcountgroup/en/, Accessed July 25, 2014.

(Fig. 2). For each of these central estimates, ex-
perts were asked to provide a 90% credible in-
terval (Fig. 2). They were asked to fill in a ma-
trix like that shown in Fig. 2 for primary exposure
pathways and another for foodborne exposure path-
ways for each pathogen. As shown in Table I, there
are seven possible primary exposure routes and 14
possible food exposure routes for each of the 14
subregions. This meant that, for each pathogen, an
expert could potentially be asked to provide 294 cen-
tral estimates together with their corresponding cred-
ible intervals. Respondents tend to be expert in a
class of hazards, for example, protozoan pathogens.
As a result, given the limited number of experts on

different hazards, the study needed to have some
experts provide estimates for multiple pathogens
(Table II); for example, experts on protozoa
provided estimates for three different protozoan
pathogens. This implied an unwieldy demand on ex-
perts’ time. For example, some experts needed to
provide estimates for nine enteric pathogens in 14
subregions (Table II).

Study researchers drew on the expertise of
FERG members to narrow the scope of the elicita-
tion by eliminating primary pathways or foods that
scientific research and professional experience sug-
gested were highly unlikely to be exposure routes.
For example, this exercise resulted in excluding soil
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lower 
credible 

value central value
upper credible 

value

Point of Exposure* (5th percentile) (50th percentile) (95th percentile)

Food 10% 20% 35%

Animal Contact (Domes�c 
and Wild)

0% 5% 12%

Human to Human Contact 5% 10% 28%

Water 50% 65% 80%

Other 0% 2% 5%

102%
*Think of the source that was the direct cause of human exposure.  We at not asking about how 
the source was contaminated in  this table.

Table 1: Pathogen X Total Exposure
Percent of All Human Cases in a Typical Year

1. To reduce your work, the WHO FERG has 
iden�fied exposures that its members think 
are most relevant.  If you think points of 
exposure or foods that are not listed are 
important in this subregion, please use the 
category "other foods" or  "other."

2. Start by thinking about how 
all foodborne cases in a typical 
year are distributed across 
foods.  

Then think about your 90% 
confidence bounds.  Think 
about factors affec�ng their 
width.  

3. Mathema�cally, 50th 
percen�le  es�mates (medians) 
may not necessarily add to 
100%.  

But logically, since they 
represent  the rela�ve 
contribu�on of all exposure 
routes, they will probably add to 
something close to 100%.

2. Footnotes are to remind you 
how WHO wants you to define 
the point of exposure.

Fig. 2. Illustration of primary source attribution task for a hypothetical pathogen included in instructions for experts in the WHO Global
Burden of Foodborne Diseases source attribution elicitation.

and air as possible exposure routes for most of the
diarrheal enteric pathogens. Had more time and re-
sources been available, it might have been possible in
some cases to use systematic reviews to inform these
decisions. But in most cases, there simply was not
enough scientific literature for systematic reviews to
be useful. This paring of exposure pathways based on
FERG member recommendations substantially re-
duced the number of distributions that experts were
asked to provide (Table III).

Experts were identified through iterative peer
nomination, a method drawn from social network
sampling research.(29,31) Care was taken to contact a
diverse set of individuals and organizations as start-
ing points in the nomination process to minimize
bias. Starting points included nominations by lead-
ership of scientific societies involved in the study
of foodborne disease and food safety management,
WHO regional offices working on food safety, and

leading epidemiologists around the world working in
fields related to foodborne disease. The nature and
scope of the study was explained to the experts iden-
tified in this manner. These experts were then asked
to nominate peers who they felt would have the req-
uisite expertise to participate in the study. Final se-
lection of expert panelists was made by the WHO
in consultation with the leadership of the FERG
using criteria for study requirements provided by
the research team and standard WHO processes for
screening experts’ credentials. Evidence of exper-
tise included peer recognition, research and publi-
cation, and documented professional experience in
the field and food safety management. Attention was
also paid to whether membership on each panel rep-
resented the needed geographic scope as well as a
diversity of professional perspectives on foodborne
disease and management. One hundred and three ex-
perts of the 299 identified through peer nomination



8 World Health Organization

Table II. Structure of Panels for WHO Expert Elicitation on
Exposures Leading to Foodborne Diseases

Number of Individual
WHO Hazards Included

Panels Subregions in Panel

Ascaris 14 Ascaris lumbricoides
Brucella 14 Brucella spp.
Echinococci 14 E. granulosus, E.

multilocularis
HAV 14 Hepatitis A virus
Protozoa 14 Cryptosporidium spp.,

Entamoeba
histolytica, Giardia
intestinalis

Toxoplasma 14 Toxoplasma gondii
Other enterics (low

mortality rate
subregions)

3 Campylobacter spp.,
Enteropathogenic E.
coli (EPEC),
Enterotoxogenic E.
coli (ETEC),
Shiga-toxin
producing E. coli
(STEC), Salmonella
nontyphoidal,
Salmonella typhoidal,
Norovirus, Shigella,
Vibrio cholera

Other enterics (mid and
high mortality rate
subregions)

11 Campylobacter spp.,
Enteropathogenic E.
coli (EPEC),
Enterotoxogenic E.
coli (ETEC),
Shiga-toxin
producing E. coli
(STEC), Salmonella
nontyphoidal,
Salmonella typhoidal,
Norovirus, Shigella,
Vibrio cholera

Heavy metals 14 Lead

Note: Some experts participated in multiple panels.

were invited and agreed to participate in the elicita-
tion. Of these, 78 were reached for in-person calibra-
tion question interviews, and 72 returned completed
target-question questionnaires.

2.4.3. Development of Calibration Questions

Cooke’s classical model uses responses to cal-
ibration questions to aggregate expert judgments.
The purpose of the calibration questions is to assess
the individual experts’ ability to give statistically
accurate probability assessments and to assess
how informative their judgments tend to be rela-
tive to an uninformative background distribution.
This is done by asking experts to provide median

and 90% credible interval judgments for a set of
9–12 parameters/calibration questions. Experts
should not know the answers to the calibration ques-
tions with certainty at the time they answer them.
Ideally, calibration questions ask about future events
for which data will be available after the calibration
questions are answered, but before the answers are
analyzed. This can be a difficult condition to meet
and, therefore, calibration questions are often based
on existing data or research, including systematic
reviews, that is unavailable to experts at the time
they complete the calibration questions.(32–34)

It is generally recommended that calibration
questions be substantively related to the expert elici-
tation questions. In this case, the choice of calibration
questions was guided by the need to represent the ge-
ographic variability in the way hazards are generated
and the multidisciplinary nature of expertise about
these processes. Experts with diverse backgrounds,
including epidemiology, microbiology, parasitology,
toxicology, veterinary and human medicine, and an-
imal and food science participated in the study. The
experts also had expertise in different geographic re-
gions. Questions were drawn from a range of disci-
plines and regions in order not to disadvantage one
expert relative to another. Where available, ques-
tions were based on global data sets; for example,
questions were included based on WHO and FAO
data on food consumption patterns, water and sanita-
tion, and under-5 mortality.(35–37) Disease incidence
data, available only for high-income countries, were
also used to develop calibration questions. Individ-
ual experts tended not to be equally familiar with
all of these data sources and familiarity varied by
area of specialization. Questions based on systematic
reviews were particularly useful in assuring that rel-
evant disciplines and regions were covered by cal-
ibration questions. For example, it was possible to
include questions relevant to sub-Saharan Africa,
where published disease data are scarce, by drawing
on systematic reviews and other scientific studies.

2.4.4. Administration of the Elicitation

Past elicitations using the Cooke classical model
have generally been conducted in person by the
studies’ principal investigators (PIs). The global
scope of this study and time and budgetary con-
straints made it impossible to use in-person elici-
tation or even elicitation only by experienced PIs.
This is likely to be a constraint in other global
expert elicitations. In this study, advanced Ph.D.
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Table III. Possible and Actual Number of Exposure Routes for Each Biological Hazard in the WHO Expert Elicitation on Exposures
Leading to Foodborne Diseases

Number of Exposure Routes per Hazard (Maximum and Actual)

Primary exposurea Food exposure Other relationships
Maximum possible exposure routes 7 14 4

Panel Actual exposure outes elicited
Ascaris Ascaris lumbricoides 6 3 0
Brucella Brucella spp. 5 5 0
Echinococci E. granulosus 6 3 0

E. multilocularis 6 3 0
HAV Hepatitis A virus 4 0 0
Protozoa Cryptosporidium 5 4 0

Entamoeba histolytica 4 3 0
Giardia intestinalis 5 3 0

Toxoplasma Toxoplasma gondii 5 9 0
Other Enterics Campylobacter spp. 6 8 4

EPEC 5 0 0
ETEC 5 0 0
Norovirus 4 0 0
Salmonella nontyphoidal 6 14 4
Salmonella typhoidal 4 0 0
Shigella 5 0 0
STEC 6 7 4
Vibrio cholera 4 0 0

aPrimary exposure routes distinguish between foodborne and other major sources of exposure to hazards that can be foodborne.

students and postdoctoral fellows were trained to
conduct the elicitations. Elicitations were conducted
using one-on-one SKYPE or telephone calls. An
effort was made to control experts’ use of outside in-
formation in answering calibration questions by ex-
plaining the purpose of the questions and therefore
the importance of not consulting references when an-
swering the questions, and by having experts answer
the calibration questions during a phone interview
with a trained facilitator.

After the calibration questions were completed,
each expert was given an elicitation instrument with
which to provide judgments about exposure distri-
butions of interest. Experts were given four weeks
to develop their assessments of distributions of in-
terest and were instructed that they could refer
to any source they felt relevant while doing so.
While experts were allowed to discuss the exercise
with colleagues, they were reminded that the study
needed their own best individual judgment. Facilita-
tors maintained email communication with experts
during the entire elicitation process. This system of
administration worked well for completion of cali-
bration questions and for responding to questions
of clarification from experts. Greater difficulty was
faced in encouraging experts to complete the elici-
tation, but 72 of the 78 experts who completed cal-

ibration interviews also returned completed target
question instruments.

3. DISCUSSION

The organizers of the workshop on which this
special issue is based posed a series of questions
about lessons on research synthesis practice that
could be drawn from workshop participants’ expe-
rience and case studies. First, the organizers asked
for criteria to evaluate when different research syn-
thesis methods should be used. In the WHO global
burden of foodborne disease initiative, systematic
reviews were used in estimating the incidence and
burden of specific diseases where there was suffi-
cient depth in the published literature, but not for
source attribution where there was little literature.
Expert elicitation was used to provide source attri-
bution only when other, more conventional options,
including primary data analysis and risk assessment
modeling, were infeasible. This was the case for most
biological hazards. For some biological hazards it was
possible to determine their primary and food expo-
sure routes based on their biology/life cycle. Devel-
opment of methods for food source attribution has
been challenging at a national level and data re-
quirements made it impossible in most cases to use
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conventional research or systematic reviews and
meta-analysis to develop consistent regional esti-
mates in a global study. Expert elicitation provided
a needed alternative.

Second, workshop organizers asked for reflec-
tions on the strengths and limitations of research syn-
thesis methods. In the WHO FERG setting, the flexi-
bility of expert elicitation was a strength that allowed
development of consistent estimates across hazards
and WHO regions. Expert elicitation is particularly
well suited to situations where professional experi-
ence and judgment can be used to reason about rela-
tionships where conventional empirical data are in-
complete. In the case of foodborne disease source
attribution, a wide range of factors converge to in-
fluence the likelihood that food exposure caused ill-
nesses. These include the immunological health of
the population, food consumption patterns, and a va-
riety of food production and handling practices that
could contribute to food contamination. Another
strength of expert elicitation is that, by providing not
only a central estimate, but also uncertainty bounds,
it provides an indication of where uncertainty about
parameter values is greatest. This is useful input into
decisions about where greater investment in data col-
lection or research is most needed.

A major limitation for the use of expert elicita-
tion is its unfamiliarity to many scientists. Both con-
ducting and using expert elicitation depends on the
acceptance of scientists. Scientists are trained to ana-
lyze empirical data and may not appreciate the extent
to which conventional science also relies on judg-
ment. Where it is appropriate to use expert elicita-
tion, the choice is not generally whether to rely on
judgment or data, data should be used if they are
available, of reasonable quality, and there is ade-
quate time to analyze them. The choice is usually be-
tween the conventional practice of individual mod-
eling teams making and justifying assumptions in
model development versus more formal elicitation of
judgments from other scientists with the best avail-
able expertise on parameters of interest. The use
of formal, transparent, peer-reviewed methods that
draw on best practices from related fields is critical
to building the credibility of expert elicitation among
scientists.

Finally, the organizers of the workshop also
asked participants to draw on their experience to
identify critical methodological research needs. The
FERG source attribution expert elicitation used a
formal expert elicitation method that has a signifi-
cant track record. Our experience with the method

and its application to a global management problem
points to four areas that would benefit from more for-
mal research. First, many expert elicitation methods
elicit judgments from individual experts. There is a
growing literature examining how best to aggregate
individual expert judgments, but further research is
needed comparing the performance of alternative ag-
gregation methods and exploring ways of validat-
ing aggregation methods.(38–49) Second, specific to
Cooke’s classical model, more formal research on the
design of calibration questions could be useful. Third,
there is a need for research to develop more prac-
tical, reliable methods of eliciting expert judgment
remotely. This need will only grow with the increas-
ing need to manage risks globally. Baker et al. (2014)
provide one of the few studies formally comparing in-
person and self-administered elicitation methods.(50)

Finally, it may be useful to give thought to what val-
idation means in the context of expert elicitation. By
its nature, expert elicitations tend to be conducted in
areas where it is difficult to collect data and thus ex-
ternal validation may not be possible. Internal valid-
ity therefore becomes more important. Both tests for
external validation, where possible, and development
of criteria for internal validity would be useful.

4. CONCLUSION

The growing need for management of risks at a
global scale has increased demand for risk informa-
tion that is regionally or nationally specific, but glob-
ally comparable. Large global modeling efforts, like
the WHO Global Burden of Foodborne Diseases Ini-
tiative, inevitably face significant challenges due to
incomplete or inconsistent data. Geographical dis-
parities in data collection and research can lead to
very uneven availability and quality of data in differ-
ent regions of the world, making it difficult to com-
pare local, national, or regional conditions around
the globe. The use of expert judgment is often un-
avoidable. Using formal expert elicitation rather than
relying on informal judgments of individual model-
ers can help enhance the reliability and credibility of
analysis of risks that are global in scope.

This study found that it was feasible to adapt
formal expert elicitation methods to the problem of
providing regional estimates worldwide. Expert elic-
itation provides peer-reviewed methods of eliciting
and aggregating judgments on needed parameters
from the best available scientific experts as an al-
ternative to relying wholly on assumptions made by
modeling teams. By providing distributions rather



Research Synthesis Methods in an Age of Globalized Risks 11

than point estimates for needed parameters, expert
elicitation can provide estimates of how uncertainty
about the parameters varies regionally around the
globe. Use of formal, reproducible expert elicitation
methods can bring a needed transparency to inform-
ing data gaps in global risk analysis modeling efforts.
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